ABSTRACT, In this paper the formation and development of fluid mud layer happening in ·estu~ries and coastal areas are studied in detail through. numerical simulation on the basis of the 2D shallow water equations for tidal flow, the advection-diffusi~n equation for cohesive sediment transport and the equations for fluid mud transport. Numerical solution of a special case for a part of the Severn estuary is obtained using the finite difference method as an illustration of the applicability of the model in practice. On the basis of the resul.ts, initial remarks and evaluation are given.
Introduction
In,estuaries and coastal regions where there is a high concentration of sediment in suspension, a fluid mud layer is often formed during slack water periods by the process of hindered settling. This amount of sediment comes from the sea or from rivers due 'to the process of flowing through many areas in ·a country or around the sides of mountains. Experiments have established the relationship between settling velocity and cohesive sediment concentration (Tsuruya, Murakami and Irie[l] ) and it is seen that a peak value of settling velocity occurs at a concentration of approximately 5kgfm 3 . Once the near bed sediment concentration exceeds this value, mud settles towards the bed more quickly than it can dewater and a layer of fluid mud forms. The movement of the fluid mud layer can be described by a restricted form of the shallow water equations. Many complicated physical processes occur at the interface between sediment in suspension and fluid mud and between fluid mud and the rigid bed. These are represented in the model in a parameterised way.
Fluid mud can also be formed by waves which can fluidise a muddy bed. However, in this paper, the study is restricted to the case of calm conditions, with a very high cohesive sediment concentration in suspension. These conditions are typical in the Severn estuary during a spring tide. The study is focused on the formulation of the mathematiCal model and the numerical simulation of the model on a computer. The functions describing the processes of exchange between suspended sediment, fluid mud and the bed are explained and the results of the application of the model to the Severn estuary are presented. Quantitative measurements offluidmudjn_J;heS_exenuvere !!_Q_1;_available but the behaviour of the model fits well with the description of fluid mud in the Severn given by Kirby and Parker [2] . It is planned to further develop the model to include the effect of waves.
The governing equations and boundary conditions
As well known, the most popular assumption used in the mathematical models up to now is that the effect of the bed changing in respect to time on hydrodynamics process is ignored. This is because this effect is insignificant in comparison with the other factors when the average sediment concentration is not large enough. Therefore the mathematical model describing this phenomenon is divided into two separate models: The model of tidal current and the model of sediment transport. The tidal model is the 2D horizontal shallow water equations without the force of wind(Muir Wood and Fleming [3] ),
in which x, y are the coordinates, the x axis goes along the shore and the y axis perpendicular to the shore, u and v are the tidal flow velocity components along the x and y directions, respectively, z is the water level above the chart datum, g-acceleration due to gravity, C-Chezy coefficient, d-total water depth, n-Coriolis parameter, D-the eddy viscosity coefficient, and t-time. It should be noted that the terms in the right hand sides of the equations (2.2) and (2.3) present the forces due to the surface slope, rotating of the earth, turbulent diffusion and the friction on the bed in the x and y directions, respectively, the scales of which depend on the situations in question. The equation describing sediment transport is the advection-diffusion equation based on the sediment mass conservation with the exchange between sediment in suspension and fluid mud or mud on the bed taken into account (Roberts [4] 
in which Cm is the mass concentration of fluid mud, in general a function of time and space, dm is the fluid mud depth, Urn and Vm are the fluid mud velocity components in the X andy directions, respectively, Zm-the elevation of the interface between fluid mud and sediment in suspension, ro-and r;-the shear stress vectors on the bed and on the interface, respectively, Pw-the water density, and Pm-the fluid mud density, the relationship of which with the water density is the following,
From equations (2.6)-(2.7) it should be noted that the external forces making fluid mud move in turn are the shear stress on the bed and on the mud-water interface, the Coriolis force, the slope of water surface, the slope of mud-water interface, and gradient of density that is ignored in the study.
About the source-sink term presenting the exchange at" the bed or at the mudwater interface in the equations (2.4)-(2.5), the following processes are introduced: As mentioned above, the entrainment is a process easily causing the numerical instability, so it requires to treat carefully.
To close the problem mathematically the initial and boundary conditions for the situation under consideration are required. They are as follows, * The initial conditions:
Due to the area of interest is not large enough, _the initial water surface can be horizontal. The condition for concentration of suspended sediment is subjunctively given so that it should be suitable to the case of mud flow. in which q 1 .,, qty are the components of the total water discharge vector, J;(t) ( i = 1, 2) the given functions at the river boundary, v the flow velocity vector, and n the normal vector unit on the land boundary .
.
Numerical solutions and a test application
Owing to the feature of the model, the equations (2.1}-(2.3} together with given boundary and initial conditions that present the tidal flow have been solved numerically firstly. The ADI method was used, with staggered grid for the derivative in respect to space and Leap-frog scheme for time. The corresponding difference equations are given in previous paper (Chung and.Roberts [2] . Therefore the model shows to be applicable in practice, and that the numerical simulation can be fully carried out on PC. vao nhiiDg Ht qua nh%n drrqc m<;.t vai nh%n xet danh gia ban dau arrqc neu ra.
